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Semiconductor Substrate-Supporting Apparatus 

Background of the Invention 

5 Field of the Invention 

The present invention relates to a semiconductor substrate-supporting apparatus 
which supports and heats semiconductor substrates inside a vacuum-pumped reaction 
chamber, and particularly relates to a semiconductor substrate-supporting apparatus 
which is characterized by the shape of the surface supporting the semiconductor 
10 substrate. 

Description of the Related Art 

Conventionally, using CVD equipment, silicon oxide, silicon nitride, insulation 

films such as polymers containing amorphous carbon or benzene nucleus, conductor 
15 films such as tungsten silicide, titanium nitride or aluminum alloy and highly-dielectric 

films including PZT(PbZri.Ji^03) or BST(Ba^Sri.Ji03) have been formed on silicon 

substrates or glass substrates. 

To form these films, the low-pressure thermal CVD method and the plasma 

CVD method are generally used. In the low-pressure thermal CVD method, however, 
20 there is a problem that the electrical property of a semiconductor element changes by 

heat load and does not fimction as designed, because the semiconductor substrate is 

exposed to a high temperature above 700°C. As semiconductor apparatuses become 

more highly integrated in recent years, this heat load problem becomes increasingly 

serious. For this reason, the plasma CVD method, which reduces heat load to the 
25 substrate by processing the substrate at a low temperature, has become the mainstream 

method. 

Generally in plasma CVD equipment, a substrate is heated and held at 
approximately 250'^C to OOO^'C by a ceramic heater heated at SOO^'C to eSO'^C. The 
ceramic heater also fimctions as a susceptor which directly supports the substrate. The 
30 ceramic heater is made by burying a resistance heating element and a radio-fi*equency 
electrode in the base substance comprising aluminum nitride (AIN). The radio- 



-1- 



frequency electrode is embedded at a position which is approximately hundreds to 
thousands of jam deep from the heater top surface, which directly contacts the 
semiconductor substrate. 

Conventionally, the following have been reported regarding the shapes of the 
5 surface of a ceramic heater: US Patent No.5231690, US Patent No.5968379 and 

Japanese Patent Laid-open No.2000-1 14354 disclose a ceramic heater whose surface is 
smoothly finished so that the surface of the ceramic heater and the back surface of the 
substrate perfectly contact. According to this, heat is efficiently conducted from the 
ceramic heater to the substrate. US Patent No.5306895, Japan Patent No.2049039 and 

10 Japanese Patent Laid-open No. 1995-238380 disclose a ceramic heater on whose surface 
a concave portion with a bore size smaller than the diameter of the substrate is formed 
and which contacts the back surface of the substrate only at the peripheral portion of the 
back surface of the substrate. According to this, because thermal conduction from the 
ceramic heater to the substrate is achieved only at the peripheral portion of the substrate, 

15 lowering the temperature at the peripheral portion of the substrate is prevented. 

Summary of the Invention 
In the case of a ceramic heater whose surface is smoothly finished, because heat 
rapidly flows into the back surface of a substrate from the ceramic heater immediately 

20 after the substrate is placed onto the ceramic heater surface, only the back surface of the 
substrate expands, causing the substrate to warp. Due to this warping, thermal 
conduction from the ceramic heater rapidly decreases. It requires several minutes until 
the warping subsides and the substrate becomes flat. Additionally, it requires more time 
for the substrate to reach a desired temperature. As a result, it takes time until deposition 

25 starts after the substrate is placed onto the ceramic heater, and in the case of single- 

wafer-processing type semiconductor-manufacturing equipment, productivity is 
remarkably lowered. If the time for heating the substrate is shortened, because a fihn is 
formed in the state where the substrate has not reached the stated temperature, the film 
with the properties as designed is not obtained. If plasma is discharged while the 

30 substrate is warped and deposition is performed, plasma energy converges only on the 
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peripheral portion of the substrate, which projects in the discharge space, and the film 
thickness becomes uneven across the entire substrate. 

In the case of a ceramic heater on whose surface a concave portion with a bore 
size smaller than the diameter of the substrate is formed, because a rate of heat flowing 
5 in the substrate can be reduced due to thermal conduction to the substrate taking place 
only from the back surface of the peripheral portion of the substrate, warping of the 
substrate is prevented. If the bore of a concave potion is small, however, an area in 
which the ceramic heater surface and the back surface of the substrate contact becomes 
large and the contacting portion is rapidly heated locally and thermally expands. As a 

10 result, the entire substrate is deformed and warped. Conversely, if the bore of a concave 

potion is large and approaches the diameter of the substrate, the back surface of the 
substrate is not rapidly heated, but there is a risk that the end portion of the substrate 
may fall into the concave portion of the ceramic heater. If the substrate is placed off - 
center of the ceramic heater due to a position shift, etc., one end of the substrate falls 

15 into the concave portion and the substrate tilts with the opposite end projecting upward. 

If plasma processing is started in this position, abnormal convergence of the plasma 
energy (arc) occurs, normal plasma discharge cannot be maintained and a film with 
uneven thickness and abnormal properties is formed. 

Consequently, the object of the present invention is to provide a substrate- 

20 supporting apparatus with which no warp or distortion of the substrate occurs and a fihn 
with even thickness is formed. 

The second object of the present invention is to provide a substrate- supporting 
apparatus which heats a semiconductor substrate rapidly to a desired temperature and 
increases the productivity of semiconductor-manufacturing equipment. 

25 The third object of the present invention is to provide a substrate-supporting 

apparatus which prevents abnormal plasma discharge and which provides stable 
deposition from a process point of view. 

To achieve the above-mentioned objects, the semiconductor-supporting 
apparatus according to the present invention comprises the following structures in an 

30 embodiment: 
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A semiconductor substrate-supporting apparatus which supports and heats 
semiconductor substrates inside a vacuum-pumped reaction chamber, wherein on a 
substrate-supporting surface, a concave portion which comprises a depression slanting 
from the peripheral portion to the center is provided, the semiconductor substrate is held 
5 in a position where the peripheral portion of its back surface contacts the slanting 

surface of the concave portion, and the concave portion is formed so that an interval 
between the center of the concave portion and the semiconductor substrate becomes the 
designated distance. 

Preferably, the slanting surface of the concave potion may be a portion of a 
10 spherical surface, but can be a conical surface as well 

Specifically, the designated interval between the center of the concave portion 
and the semiconductor substrate may be 0.05mm to 0.3mm. 

Preferably, the semiconductor-processing equipment may possess a lip portion 
which protrudes in a ring-shape at its peripheral surface portion. 
1 5 For purposes of summarizing the invention and the advantages achieved over the 

prior art, certain objects and advantages of the invention have been described above. Of 
course, it is to be understood that not necessarily all such objects or advantages may be 
achieved in accordance with any particular embodiment of the invention. Thus, for 
example, those skilled in the art will recognize that the invention may be embodied or 
20 carried out in a manner that achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other objects or advantages as may be 
taught or suggested herein. 

Further aspects, features and advantages of this invention will become apparent 
from the detailed description of the preferred embodiments which follow. 

25 

Brief Description of the Drawings 
These and other features of this invention will now be described with reference 
to the drawings of preferred embodiments which are intended to illustrate and not to 
limit the invention. 

30 FIG. 1 shows a schematic cross section of the plasma CVD equipment, which 

includes the substrate-supporting apparatus according to the present invention. 
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FIG. 2 shows an enlarged view of the substrate-supporting apparatus shown in 

FIG. 1. 

FIG. 3 shows the second example of the substrate-supporting apparatus 
according to the present invention. 
5 FIG. 4 shows the third example of the substrate-supporting apparatus according 

to the present invention. 

FIG. 4 shows a transformed example of the substrate-supporting apparatus 
according to the present invention. 

In the figures, the symbols used indicate: 1: Plasma CVD equipment; 2: 
10 Reaction chamber; 3: Ceramic heater; 4: Showerhead; 5: Reaction gas inlet port; 6: 

Valve; 7: Reaction gas outlet port; 8, 8': Radio-frequency power source; 9: 
Semiconductor substrate; 10: Matching circuit: 11: Reaction gas inlet tube; 12: The 
bottom surface of the showerhead; 13: Ceramic base substance; 14: Ceramic heater 
surface; 15: Concave portion; 17: Piping; 18: Gate valve; 19: Opening; 20: Exhaust 
15 port; 21: Conductance adjusting valve; 22: Controller; 23: Pressure gauge; 25: Driving 

mechanism; 26: Resistance heating element; 27: Metal element; 28: Grounding; 29: 
Base; 30: Temperature controller. 

Detailed Description of the Preferred Embodiment 
20 Plasma CVD apparatuses are different from etching apparatuses. As compared 

with an etching apparatus wherein the processing pressure is usually in the range of 10- 
100 mTorr (1.33-13.3 Pa), the processing pressure of a plasma CVD apparatus is 
usually in the range of 3-10 Torr (399-1330 Pa). Thus, in the plasma CVD apparatus, 
the pressure is more than 100-fold of that of the etching apparatus, and thus, heat 
25 transfer by convection flow generated by the heater embedded in the susceptor is much 

more significant. This means that a gap between the susceptor and the substrate does 
not adversely affect heat transfer in the plasma CVD apparatus. Rather, the gap is 
advantageous to uniform heat transfer without warping. In the etching apparatus, heat 
conduction is critical to heating the substrate. 
30 In connection with the above, the distance between an upper electrode arid a 

lower electrode is approximately 5 to 40 mm in an embodiment of the present invention. 
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Further, because heat transfer by convection flow is significant, no additional heating 
means is required. For example, unlike in etching apparatuses, the susceptor has no 
mechanism for ejecting gas from the center of the susceptor toward the back of the 
substrate. Further, no clamping mechanism for securing the substrate onto the susceptor 
5 is required because no gas ejecting mechanism is provided. The substrate is mounted 

on the susceptor without extemal mechanical force. 

The present invention is described below referring to figures. 
FIG. 1 is a schematic cross section of a preferred example of plasma CVD 
equipment including the substrate-supporting apparatus according to the present 

10 invention. The plasma CVD equipment 1 for forming a thin film on a semiconductor 
substrate comprises a reaction chamber 2, a ceramic heater 3 for placing a 
semiconductor substrate 9 inside the reaction chamber 2, a showerhead 4 which is 
provided facing the ceramic heater 3 and is used for jetting out a reaction gas evenly on 
the semiconductor substrate 9, and an exhaust port 20 for exhausting air inside the 

1 5 reaction chamber 2 . 

At the side of the reaction chamber 2, an opening 19 is provided. The reaction 
chamber 2 is connected to a transfer chamber (not shown) for bringing in and carrying 
out the semiconductor substrate 9 through a gate valve 18. 

Provided inside the reaction chamber 2, the ceramic heater 3 for placing the 

20 semiconductor substrate 9 comprises a ceramic base substance 13 manufactured by 

sintering. As a material for the ceramic base substance 13, ceramics such as a nitride 
which has durability against fluorinated or chlorinated active species or a cer^ic which 
is an oxide or a fluoride can be mentioned. The ceramic base substance 13 preferably 
comprises aluminum nitride, but can be aluminum oxide, magnesium oxide, or 

25 magnesium fluoride. As described later in detail, the surface 14 of the ceramic heater 3 
forms a concave portion 15 which comprises a depression slanting from the peripheral 
portion to the central portion. The substrate 9 is held in the position where the peripheral 
portion of its back surface line-contacts the slanting surface of the concave potion 15 of 
the ceramic heater 3. The concave portion 15 is formed so that an interval between the 

30 center of the concave portion 15 and the semiconductor substrate 9 becomes the 
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designated distance. Through the base 29, the ceramic heater 3 is connected with a 
driving mechanism 25 for moving the ceramic heater 3 up and down. 

Inside the ceramic heater 3, a resistance heating element 26 is embedded and is 
connected with an extemal power source (not shown) and a temperature controller 30. 
5 The heating element 26 is controlled by the temperature controller 30 to heat the 

ceramic heater 3 at the designated temperature (from 300°C to 650°C). As a material for 
the heating element 26, tungsten, a metal with a high melting point, is preferable. 

A mesh and flat metal element 27, which forms a plasma discharge electrode, is 
embedded between the surface of the ceramic heater 3 and the heating element 26. 

10 Preferably this metal element 27 is grounded 28, and can also be connected with a 

radio-frequency power source. As a material for the metal element 27, tungsten, a metal 
with a high melting point, is preferable, but molybdenxmi can also be used. 

Inside the reaction chamber, a showerhead 4 is provided in a position facing the 
above-mentioned ceramic heater 3. At the bottom surface 12 of the showerhead, 

15 thousands of pores (not shown) are provided for jetting out a reaction gas onto the 
substrate 9. The showerhead 4 is preferably electrically coimected with radio-frequency 
power sources (8, 8') via a matching circuit 10 when a radio-frequency power source is 
connected with the metal element 27, the showerhead 4 can be groimded. The 
showerhead 4 forms the other electrode of the plasma discharge. Radio-frequency power 

20 sources (8, 8') generate different levels of radio-frequency power, 13.56MHz and 300 to 

450 kHz, respectively. These two different levels of radio-frequency power are 
composed inside the matching circuit 10 and are supplied to the showerhead 4, A 
reaction gas inlet tube 1 1 for bringing in a reaction gas is connected to the showerhead 
4. A number of inlet tubes corresponding to the types of reaction gases can be provided. 

25 These inlet tubes are connected to the showerhead by integrating them into one gas inlet 

tube. One end of the reaction gas inlet tube 1 1 forms a reaction gas inlet port 5 for 
bringing in the reaction gas, and the other end forms a reaction gas outlet port 7 for 
letting the gas flow out to the showerhead. In the middle of the reaction gas inlet tube, a 
mass flow controller (not shown) and a valve 6 is provided. 

30 Inside the reaction chamber 2, an exhaust port 20 is provided. The exhaust port 

20 is connected to a vacuum pump (not shown) through piping 17. In the middle of the 
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exhaust 20 and the vacuxun pump, a conductance-adjusting valve 21 for adjusting 
pressure inside the reaction chamber 2 is provided. The conductance-adjusting valve 21 
is electrically connected with an external controller 22. Preferably a pressure gauge 23 
for measuring pressure inside the reaction chamber is provided and is electrically 
5 connected with the controller 22. 

The ceramic heater 3 is described below. FIG. 2 is an enlarged view of the 
ceramic heater 3 used in FIG. L The ceramic heater 3 according to the present invention 
preferably comprises a columnar ceramic base substance 13 of 220 mm to 250 mm in 
diameter and 15 mm to 25 mm in thickness for a 200 mm^ substrate, or 310 mm to 350 

10 mm in diameter and 15 mm to 35 mm in thickness for a 300 xxm^ substrate, and a 
concave portion 15 comprising a depression is provided in a substrate-supporting 
surface 31. The concave portion 15 comprises a slanting surface 24, which slants from 
the peripheral portion to the central portion of the substrate-supporting surface 3L 
Preferably the slanting surface 24 comprises a portion of a sphere of approximately 

15 51 ,000 mm in radius of curvature for a 200 mm^ substrate or approximately 56,000 mm 

in radium of curvature for a 300 mm^ substrate, but a sphere with a radius of curvature 
other than this size can also be used. The semiconductor substrate 9 contacts the ceramic 
heater at the peripheral portion of its back surface. Consequently, contact of the 
semiconductor substrate 9 and the ceramic heater is line contact. The Distance A 

20 between the semiconductor substrate 9 and the center of the substrate-supporting surface 
31 is 0.05 mm to 0.3 mm, preferably 0.1 mm to 0.2 mm for both 200 mm^ and 300 
mm(|) substrates. By changing a radius of curvature according to the diameter of a 
substrate to be processed, it is possible to maintain the Distance A at the stated value. 

At the peripheral portion of the back surface of the ceramic heater 3, a ring- 

25 shaped lip 32 is provided as if surroxmding the semiconductor substrate 9. The top 

surface 33 of the lip 32 and the surface of the semiconductor substrate 9 are formed so 
as to be of equal height. This is with a view to preventing plasma from converging on 
either one of them by making plasma potential from the showerhead the same potential 
The above-mentioned heating element 26 and the metal element 27 are 

30 embedded in the ceramic heater 3. The metal element 27, which forms one of the radio- 

frequency electrodes, is embedded at the position which is in depth" from a contact 
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point of the substrate-supporting surface 31 with the substrate 9. The depth B is O.Srtim 
to 2mm, preferably 0.7mm to 1.2mm. 

FIG. 3 shows another example of the ceramic heater 3 according to the present 
invention. A point different from the example shown in FIG. 2 is that a substrate- 
5 supporting surface 31' possesses a concave portion 15' comprising a conical depression 

35. A semiconductor substrate 9 contacts the ceramic heater only at the peripheral 
portion 16 of the back surface of the substrate. The distance A between the 
semiconductor substrate 9 and the center of the concave portion 15' is the same as that 
of the example shown in FIG. 2. 

10 FIG. 4 shows a third example of the ceramic heater according to the present 

invention. A point different from the example shown in FIG. 2 is that a substrate- 
supporting surface 31' possesses a concave portion 15' comprising a depression 39 
comprising a slanting portion 36 and a flat portion 37. The slanting portion 36 is 
preferably a portion of a conical surface, but can be a portion of a spherical surface. The 

15 semiconductor substrate 9 contacts the slanting portion 36 only at the peripheral portion 
16 of the back surface of the substrate. The Distance A between the semiconductor 
substrate 9 and the flat portion 37 is the same as that of the example shown in FIG, 2. 
According to this example, when the semiconductor substrate is a large diameter, 
approximately 300mm, and even if the Distance A is made smaller, the inclination of 

20 the slanting portion 36 can be made relatively steeper. 

FIG. 5 shows a fourth example of the ceramic heater 3 according to the present 
invention. The ceramic heater 40 shown in FIG. 5 was designed for low-pressure 
thermal CVD equipment. Consequently, a lip portion for preventing plasma 
convergence is not provided. Preferably, a substrate-supporting surface 31'" possesses 

25 a concave portion 15"' comprising a spherical depression. The concave portion 15'" 

can comprise a conical surface. The semiconductor substrate 9 contacts the substrate- 
supporting surface 31"' only at the peripheral portion 16 of the back surface of the 
substrate. The Distance A between the semiconductor substrate 9 and the concave 
portion 1 5 is the same as that of the example shown in FIG. 2. 

30 EXAMPLES 
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Experiment results of forming a silicon nitride film on a semiconductor substrate 
using plasma CVD equipment shown in FIG. 1 are shown below. 

The ceramic heater 3 was maintained at 600''C by the resistance heating element 
26, and the semiconductor substrate 9 was heated at a temperature from 540°C to 

5 550°C. A mixed gas of SiH4 gas and N2 gas was brought in fi"om the piping 5, and a 
reaction gas was jetted out from the showerhead 4 to the semiconductor substrate 9. The 
internal pressure inside the reaction chamber 2 was controlled within the specific hmits 
of 4 to 9Torr based on pressure measured by the pressure gauge 23 by controlling the 
aperture degree of the conductance adjusting valve 21 by the controller 22. By applying 

10 radio-fi*equency power of 13.56MHz and 400W to the showerhead 4 through the 

matching circuit 10, a plasma discharge area was formed between the showerhead 4 and 
the ceramic heater 3. 

As a result of this experiment, a silicon nitride film of lOOnm thickness was 
formed on the semiconductor substrate in one minute. In approximately 20 seconds after 

15 the semiconductor substrate was placed on the ceramic heater, formation of the sihcon 
nitride film was able to be started. The amount of scatter in film thickness in the entire 
semiconductor substrate was below +1.5% (a percentage of a value obtained by 
subtracting the minimum value fi-om the maximum value and dividing one half of the 
remainder by the mean), and it was found that a highly uniform film was obtainable 

20 using the ceramic heater according to the present invention. 
EFFECTS 

According to the semiconductor substrate-supporting apparatus according to the 
present invention, because heat flows in only from the outermost periphery of the 
semiconductor substrate and moves toward the center since only the peripheral portion 
25 of the back surface of the semiconductor substrate line-contacts the slanting portion of 

the concave portion of the ceramic heater, no warping or distortion of the substrate 
occurs, and deposition of uniform film thickness was able to be achieved. 

According to the semiconductor substrate-supporting apparatus according to the 
present invention, no warping or distortion of the substrate occiirs because only the 
30 peripheral portion of the back surface of the semiconductor substrate Une-contacts the 
slanting portion of the concave portion of the ceramic heater. Because heat rapidly 
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moves from the outermost periphery of the semiconductor substrate to the center, the 
semiconductor substrate was rapidly heated to the desired temperature and the 
productivity of the semiconductor-manufacturing equipment was able to be improved. 

Furthermore, according to the semiconductor substrate-supporting apparatus 
5 according to the present invention, because only the peripheral portion of the back 

surface of the semiconductor substrate line-contacts the slanting portion of the concave 
portion of the ceramic heater and the lip portion is formed in the peripheral portion of 
the surface, misalignment of a semiconductor substrate and abnormal plasma discharge 
are prevented and stable deposition from a process point of view was able to be 
10 achieved. 

It will be understood by those of skill in the art that numerous and various 
modifications can be made without departing from the spirit of the present invention. 
Therefore, it should be clearly understood that the forms of the present invention are 
illustrative only and are not intended to limit the scope of the present invention. 

15 
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